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I I i-vmb^¥^mtmi}-'^'pti:<t^timm. 

5 1 I I -VMb^¥»m 

SI I I-VMb^W*:t|plCM!|^*\ a^^vHim 

30 ^m.'pmmmmtcm.mt^i i i-vs^t 
m±ic-^^i7Mmc^^^fmm^ztix^ c t 

?:¥a^tr 5ig;£#r « c t^^atr a g a ni^ 
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[0 0 6 23 GaN?^i|i^©xtf^+>'^;U^S{i. 
mi<D5QS®mi:P«li:. G a N?^4i«{**^?/]«gPS 

[0 0 6 33 xt!^:^->^;l/^%ig|ttSi:, G a Nli5 

^ti^sm47r-ir'y vmmomizi^Lxmm^micm 

40 -mtstctb. fieftWciJT-ft<vxi'«S9i;^c^ 
«, ^■tTl?!BS-r«fi8S®l^©GaN5S^li»«li07r 
■b-y h«J§fcmrs„ $^tcxe^:^5/-v;l/mfi;&i^ 
its i:. G a NJ^^miUzJ: »? 7 r -fe -y 

i^«»ctt, ^mtmm^^zG aiimm» 

[0 0 6 43 i^tCG a Nl^^(*lfi±t G a NIS^«: 
5eBR^<OlS?«B6«m8f«. GaN?SiN!M«S%}^ 
figbm G a N5^^ii^<*M*^^^n/c»E^M0 C 
VD^gtc-b'y hU 0iS©ia*x ;>!fXSiffl, V/I 1 
» I ttP. nSlGaNM. nSA 1 G a N^^-y hS, n 
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(8) 



0-3 12971 

14 



mC a N7t;9-Y 7> F-y I n G a NM^^P® 
tTy F-:/I n G a N|^MgA>6:fe5^JSa?»p^ 
i&mm. pSAlGaNS. p^GaN)1£;ffW'Kl. 
pSA 1 GaNi'^-yKS. p^GaNay^^M* 

[0 0 6 5] I/— !f-«ijg^BgLfcS«^Bfe 
mc-by h U Sfi. S i 02 feitfG a NIS 

iii»«i(D-gi5^SfetTG a N3S¥^l«S*SHl*-& 
So SWbfcG a Nl^i*®©B. -r^Sito-SG a N« 

[0 0 6 6] f^4<omi<mmi,^^owF(Dmm%^ 
[0 0 6 7] m 1 (omm<mm<oai\£^^i^^)V^s.T^ 

'mtxtcG a N?^it£«mht G a N5Si|i^{*«?«ii 

[0 0 6 8] $?.tCGaNl^iNI<*lg?*^GaN?S^ 

c t * < ^?;&f^T'#m®fmi^*^WfbT'ff So 
[0 0 6 9] tfcG a NISWt^^^^Jb^G a Nl^ 

tmic^ ?) G a Nmrnt^iy-^mmoy^mi^^y-m 

^iretSo C©/-c4i>t!£5l5©F7-l'x.y^yi^-^fc:J; 

iitcfflBS{bT-t*e$ D t.:MSlJ:iR)±T-t So 
[0 0 7 0] 5:43, ^4 ©ieiS<?»gffi{i±IB©SJWK:PB 

[007 1] mtf. G a N?M*ilW*li!t©xlf ^»:^^5/^ 

[0 0 7 2] -i^KQjiiimmmhKQ&iiwm 

fz.f)\ G a NJSiiyiWWiJgBg^Km VT.i' G a N 
^^{^ISO-gP^I^Lfc^KG a N?^f*3g^ 

[0 0 7 3] 443. G a N3Mi«i*K*^e.»«. VX^' 

snfcG a ii%^mm=i^^u'^<mmi\mtz^^<D 

T*fen«. gfi. TXi^W^^frto-f. GaN?^ 

[0 0 7 4] ^&K2|s^<wg^g^cffl^,^5vx^^^:LT 



OWmKUf^ G a N3^^i*Kt UTtt G a N. A ! 
G a N. I n G a N^A^fetf etlSjb^G a N*^*.jf $ 

[0075] tfcGaNIS¥^f*«?fcUT«. GaN 
?R¥^l#:^-if'^G a L E D^©G a NSi|i##:% 

[0076] 

[0077] mi (omim *^©»fi0ij{cov^ 

X. (0 0 01) ffi1)-7r-<7 (Al2 03 )SIS1 
l±tCl iimfm<Dmm<OG aNMl 2^35e.*^C«>J^ 
figUfcSIS^ffll^fc. COGaNKl 2^ffilCS i Oz 

^^yi^T-vT.^'i 4fcfigsiu^i sic^^siufco ^mm 

m 3fe<J:tf7Xi' 1 4tt. ^n^n5 |tmfej;tf 2 /I 

m©i|i©xF5-f:/K-??3&5. xFv-(':/:^iRi«<i 1 

20 -2 0>:?3|qlfct/-c ( (01 (a) ) „ 

[0 0 7 8] mmm 1 3 tcfigfi-rs g a 1 5 

I I Ifi^Ki^U'^A (Ga) tmHym (HC 1) 

©Kf54fig!&T*^S-©{b;<fy>>A (GaC 1) twmM 
nKTy'e^.T (NH3 ) ?ffX^ffl0^5>'W Fv-r F 

V p Emm^^^tc. mx. 1 1 f^-y f©«ss@ 

{c-lr<y h U zK^HMT'fiSSfiS 1 0 0 0 tt^-r 
So fi£Mjga*^^tT*^e.. HC 1 g1ta^2 0 c c/ 
S^T-ittJgL. N HsSM 1 0 0 0 c c /m^X- 5 
S#«&1-«Ci:T% fiES^Jgfl StCGaNMl 5(0 {I 
30 - 1 0 1) ®)!)>P.^:S7r-b<y h^^ifi^figft^-B-ft (0 
1 (b) ) . t^lC. 2 0^m&x.\i^=3ri^^m& 
^mf. VXi'l 4i&a3tT*7r-b'yMi3fil 6*51 
a^-y-ft: (01 (c) ) „ 

[0 0 7 9] xlf^+i/^;l/fiES*msc fcjcj:»)7 
r-b>y Hllii«««>)i* (HI (d) ) > mmicii. 

5 ^H©^g-e 2 0 0 fi migi* (Wa^^ffi^Wf S G 
aNK«:Jg^«-&fc (01 (e) ) „ GaNMl S^B 

40 [0 0 8 0] m 1 <ommxiim&m.^mt^mi. 

figfiKJ:D, mSif {1-10 1} S*^P>*S7r-t»y 
h^B^Lxmm^^fj-^xi^^. ccoyr-byHi 

^^smmkcomk 'jM^^rctb\cmxx < s. 7 7-fe«y 

h*mnsS}«. »Ki:Sitfc{«D*TV>fc^A\ 7r 
[008 1] *^lc J: t)fi£gL/-deB^a*^li:ia-<S 

yr-b'yh<oamx\ wsmcmf^tu xtr^* 
50 ttsns. 
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[0082]^! (Dm&m\z^-:>rm^t^nrcG a nm 

CO 0 8 3] :m^mT'^&LkG a N^ti^R5*^^f^ 
Oa<v C<0±t<:W1f, FET. feJ;tfHBTiS:H 

[0 0 8 4] ^P-lc-y-yr-fTSSl l^WS^Kiio 
Tli*-rS C tX\ G a NM 1 5 ^mMHt LTfflV^ 

CO 0 8 5] m 1 onsa^ij-ea. g a Nnoxe^^+j^ 

««^fl:'^«!«ttilSSa (MOCVD) ^fflt^Tfclf 
A\ S iWR. ZnOWR. S i C»g> L i GaOa 

sfi, MgAi2 04 a«^%fflv>Tfci^%ja« 

*W&nSo ^e-KA l2 03 affill±£GaNll 

1 2*fee.*^i;i&}g)^bm mil i±tcitts-7x^ 

C0 0 8 6] S/cx'Xi'l 4tLTS iOz ^fflVfc 

*^(:nKffip>nst>©-e(i;&<. SiNx ^©Itsitf* 
Wsmiim^n^o ^^i>c7.h^^f^<i i-2o> 

Sia(D7^|ql<l-l 00>1?feJ:<, c:n?.©73[R]A^?> 

IC7 r-b>y F«it*}g^« c i:A^T-t^o *fe7 r-fe 
•y F«Kt*^jS*nSi^^gO^Ji*m»cJ:oT^- 

CO 0 8 73 t.rcG a NOxe^+~>-\';VjafitCOV>T 
m^tci^. I n G a NH. A 1 G a NM, I nNM, G 

a PM^SV-'ttG a A sM%xe^4^e^^;l/^ftLT'fc 

CO 0 8 8] 2 ©^M) 2 cDSySWItC 

CO 0 8 9] mzommtHi. sist lt. (o o o 

1) SS i l±(<:i ^inS£(0MJ9(0A lai 

Gao.9 NBil 2«^?.*^CJWgfieLfciKS«-fflV^ 

/coCcOAlo.1 Gao.9 NMl2*ffitCSi02 
m^m&U 7*FUVi'*77-i'-St'>X-y Fx-yg^ 
>i^T*VXi' 1 4 1 3 ic^Sb/co 

1 3, feitfVXi'l 4{4, ^■n^n2Mm, i3j:tfl 
0;tm(DiIg<0XF5'l':^'t?feSo XF5'l':7%l«l{4< 
1-1 00>:^F|q)i:b/c ( (01 (a) ) o 



[0090] figftfS^l SK^S-rSGaNMl Stt. 
I I immKHV^L. (Ga) i:Jg{k7j<m (HCl) 

©sj«*i®^«s«fb!jy'i'A (Gaci) tvmm 

m\C7y^:^7 (NH3 ) ;yx;&fflV^5-'M' F^-r F 
V P Effi^fflV-'/'Co »K1 1 F^-l" FO^gSl 
C-b-y F U THmm-^^Sm. 10 0 0 X^Ki^Sr 
5o fiKMaS*^^bT*^&. HC 1 gi«^2 0 c c/ 
^T*^U NH3tS«2 0 0 0c c/m^XS^U 
Am^^CtX. mm^l SCGaNKl 50 {1 
10 - 1 0 1} ffi)b^&S57r-fe>y F«lit*^^'&/'c (0 
1 (b) ) . 

CO 0 9 1 ] « ^K. 2 O^^MSSxlf 
*Mtt, VXi^ 1 4*S'5$T*G aN©7T-b-y F«liS 

1 5^^t^trz (01 (c) ) o 

[0 0 9 2] ai\i^^i/^)l^&^mi'f^Ct\cj;i*)y 

r'ii-j hmmmm^ mi (d) ) . mmitii. 

5 2 0 0 >t mieSO¥ffl*«S«:*t-S G 

a NM*}g^$-&/-c (01 (e) ) o GaNMl 5<0Jg 
NH3 ;9X%^t3:*^e^aT-?$»b, fiS 

CO 0 9 3] S2©^ffiHc<fct>T«fie5nfcG a NM 

1 5(c». s i cii«ci 1 t(om-m.'msmmti^ 

tntco WM^fi^tr-pftGaNMKti, XBS 

*^#^«t!:'>4<^i5iifB«tti 06 cm2 sare*o 

CO 0 9 4] 2t3ISt0!lT-figSbfeG aNMa^iRI*^!^^ 
K4?:5:<. t©±ti:U-<f. FET, teJ:lfHBT*2 

oigffiK^x/wx^jg^fiES-rscfc-e, x/wxi^ 

[0 0 9 5] ^Tc. S i Cm^ 1 1 ^W^U:<toTI95 
SfSCfc-e. GaNMl 5««K*mfcbTfflV^ac 

CO 0 9 6] Sl2<D^IJS0IJT-a, G a NMOxe^?+'> 
^yV^SK/vT F5'1' FV P E^6*fflV^TJgJ^^bfc*^ 
Wli^fb'&tl^fiitfta (MOCVD) ^fflV^Tfelil 

1 S i Z n OSS> A 1 e Da S 

LiGa02 SS. MgAl2 04 
40 *fflt^Tt>l^«l%ja)*<i^6.n«.o ^^CS i C««l 
l±KBW<DGaNMl 2%aB5*^Uii#«bfe!!ii\ S 
«1 l±KifigEvxi^*JBBEbTt.J;V\ 
[0 0 9 7] SfcVXi'l 4^bTS i 02 ^fflV^fc 

MT'txtV^o il<0*5gfJT'«VX^ 1 4coe^l O/im 

mii^mim^tiZo s ^tx F5'r:/%< i - 1 o o 
tmm<oyj[^< 1-12 o>T'fe cfc < , cnecD:)?!^]*^ 

50 P,{«ltfcftgT*36oTt^B^B«SO^£J;!5. 
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l^iffFl 0-3 1 29 7 1 
IS 



[0 0 9 8] ^tctiblcWS.! l±(DmtL-ZMm. 
0. 1 <DA 1 Gan^m^^rci)\ COiffljSSttffiEOfc© 

^m^^T^mmrji^^im^iiZo * e.^ g a Noxt! 

^^5'+;l/fieglCOV^T)S'<^c!b\ InGaNS> Al 
GaNiS, InNK. G a PMfe^l/HiG a A s^x 

[0 0 9 9] (msomm) :m^m3(Dmm\c 

[0 10 0] msOiySMT-ti, S«i:L/T, (1 1 
l)ffi©MgAl2 04 SiR2 l*fflV>fe. C©S« 
2 1«SlCSi02 M2 3^J]^BgU 7:^-h'Jy^^7 
7-<-ffii:'>x->' hx-y^yifTVXi' 2 3 t^fi^ 
2 2lc^^ilLfCo ^S®*S2 2. te<J;tj^Xi'2 3tt, 

xh^'i':^iRitt<i i-2o>^tbrc ( (0 

2 (a) ) o 

[0101] G a NSiOfigfttt. VT.^' 2 3±tC^i^^ 
©G a N*M^««:OTJ-r5tDtcaUfc-'v(' F^-r F V P 

(Ga) tmiio^m (Hc 1) oMjs^^njfesffift: 

(G a C 1 ) i:. VifiKPI^KTV^-T (NH 

3 ) A*X^fflV'>S„ 

[0 10 2] SE2 1 ^fiSiSIIBK-by hU * 

fdk. 5 0 O-CK^^-a-. H C 1 ^^0. 5 c c/ 
m^X^U NH3 }ji«10 00cc/^7?5i^ 

sgfit^-r s c fc-p. t^mm^m. 2 3 kihj 2 o n m© 

ISJiOGaN/^y77»2 4*J^fi&rS (02 
(b) ) o 

[0 10 3] c:©*^T% NH3 1 
OOOiCC^-rSo ^SjaSJ&^SLT*^^. HCl 
Si««'2 0c c/^-p^U NH3 Mil 500 

c c/@^^T-5^}^^-r5<:fcT% m.^mm 2© 

G aN/^y7r-fl2 4±£G aN© {1-10 1} S 
*^&*S7r-b<y Fm2 SSrfiES^-yr/c: (02 

(C) ) o 

[0 10 4] xi;^+S^^;VfigS^iB!tt^ vx 
^'2 3*a5$T'G aNM2 5©7T-b<y F^Ji*^ 

tt^ 5^F^©^ST-2 0 0 /imiS*©¥a 

%«ffi*#rs G a NM 2 5 «:Jgfie*-t*-fc (0 2 
(d) ) , GaN)i25«W^^, NH3 :«fX«:«^ 

[0 10 5] ^3©*6SeiJC<J;oT}gfiE^nfcG aN^ 



2 5 lClj:> M g A 1 2 04 Kfi 2 1 t©ia?^S^Ife 
CUmm^tyk. JSH^KS^frofcGaNIi 

/-Co 

[0 10 6] :^mmxm&LrcG ixiimimmm 

t'>%<, C©±lc^— FET. teJ;tfHBT*^ 

oms>Wi'f/U7Mm:^m-^ c tx\ ^ffUTM 

tt^lnl±^ iirS il t A^te t t /cM g A i 2 O4 
10 Sfi 2 1 ^mm^i^ oTBgfe-r S C f:-??. G a NM 

zz^wm^tLxm^^^ct^x^^,, 

[0 10 7] mzoimmxit. G aN)i©xeif+i/ 

*^^{t;-&«&MlSfiRftS (MocvD) ^m^x^m 

S«2 l%fflV^fe!b% S Zn0S«. S I C 

WSl. L i G a O2 mSL. A 1 2 O3 Sffi^^fflV^T 
tUmSi)*)!)^ &tl5o $^JCMgAl2 O4 21 
±.\cmt'^7.^^1&m.tzt\ S« 2 1 ±K: G a NfS* 
20 a5P,*^Di6J^B!cLTt<):V\ 

[0 1 0 8] tfeVXi' 1 4i:tTS i 02 ^ffll-'fc 

A^c:tnc[s?.4i5'E.©T*«s<^ siNx mo^wm 

K-Pfeivv $e.lC^X^'2 4©i|®^l 0/imi:U/-c 

mm<bn^o ^^isscajm xF5'f7'«r<i 1-2 

*li:ilit©75!pl<l-l 0 0>T-feJ:<. cnp.©:^iqi 

is>^mnMx^t^^Bm.o^\ci:r,^ mmin 

30 -y F«ji*^fiK^nSISSfi8S©*mi«iRK<koT-€- 

[0 10 9] *fc*Sase!lT-»»R±ti:ffiia^^y75'S 
*^ttfe^JcGaN(g©/SS*f7oT</^Sft«>, 

[0 110] S^C. HJSffimi^ GaN©Xtf^f+5/ 
\)\^m&K-0\^XW<rct\ I n G a NK. A 1 G a N 
R InNii, GaPM> GaA sH^xlf^f^i/^;!/ 
/SSUTt,Pltt*«l*b^5ns. «6Kfi8S-r5 I I 
I -vSiffc-e%K:5F*8l&««(iaUTtl^ft^J!i*A 

40 tlSo 

[0 111] (^4©*fiiied) *5IHJ©^4©*i8g01JtC 
Ol^T, 03, 04:S#gSbTllffi^5o 03tt^W 
tcxe^4^i/i';Vfigfi-r*figft«l«©}gtt%^iJ^, = 

[0 112] 2|s*Mi0rett> WRthx (000 1) m 

©Al2 03 »«4 1±IC1 /tme«©K»©GaN 
K4 2*^e*^i;J6Jgfi8tfcieB^»fi«:fflV^fc, 
[0 113] C©GaNffi4 2S9(CS iOz W&B 
7*FUy^'*^7'r-ffit'>X-y Fx-y^y^^t? 
50 VX^' 4 3 i:^g^4 4 fc^^SLfCo figSSHgl 4 4 
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tt. .4 iim<DW.WDMk (03 (a) ) . -52*^3 /im 
©HftJ^ (03 (b) ) . 43J:lf5/im^l©j©^ 
(03 (c) ) c03@ai:ft*VXi'%^-n^tlfflV 

[0 114] m^Ltc^mm/i 4{mwrzG am 

4 5tt, I I l;KliJl^tChy;<^;W;«'U'>A (TMG 
a) Rtfh';:>t^;V7;l/§-»>A (TMA 1) i:V]Kll 
mcry't-T (NH3 ) ;^^::^«:fflV^S»g|^^k^ 

[0 115] H4tt03<D^g^«e%Jg^LfcSffi±C 

t^jM(ommx'hZo mi4 1 ;&#i^{b^%» 

L*)b<P, 1 0 5 0'C©figgJga[lc^-rSo 
$SbT*^P.. h y y^=f-?l:ffV K/LMM^ 5 c c/«^^ 
T-^U NH3 j^5 000cc/S^>T»l 
««»&f5CfcT% ^S««4 4tCGaNP4 5CD {1 
-10 1} ffi*^&S:S7r-b-i'b«jfi«fiKS«-efc (0 
4 (a) ) o 

[01 16] 3 O^^HSaxtf^f+i/'V;l/BgS 

^^tt. TXi'4 3:SrS3ST'GaNJl4 5©7r-fe'y 
Vm&^^t^rc (04 (b) ) o 
[0117] xe^»*e/^;V^fi*i^tSC2:K:J:?)G 
a N14 507r-fe'y h^jt^Sftji* (04 
(c) ) > S^WtCtt. 1 2^HO^T-l OO/tmg 
Aoy^miS^m^^^ G a Nil 4 5 ^^«-^c (0 
4 (d) ) o 

[0118] 3im<om.(Dtiimm.icm^LtcG a n 

[0 119] *SlffieiJT'figStfeGaN)Sa^«jRI*^^N^ 
K:'>jQ:<. C©±C^-if, FET. i3<kr;HBT4^ 

[012 0] *5fciJ-77"l'7»tR4 l«Bf«^»CJ;o 

[0121] m4(ommm'it. g aNisoxe^»+s/ 

Wfi^fb^fe^fiRftS (MOCVD) ^fflV^TfclBl 

m:fmm^n^o mhiz os s«4i«fflv^ 

ft:*\ S i Sffi. Z n OSS, S i CSS, L i G a 0 

2 s«,MgAi2 04 wm^m^^x^mm^ 

mtmiatl^o «&KA l2 03 Sffi4 l±»i:)lP© 
G aN)l4 2^hii}^CmmLrci)\ Sfi4 l±K:ii 



II) 1^10-31 297 1 

20 

[0 1 2 2] ^^cVXi'4 3tLTS i 02 *ffiO^/c 

[0 12 3] S/cG aN©xkr^:^^->-v;l/figSti:oV''r 
jg^rci}\ I nGaN^ A 1 GaNS. I nNM, G 
a PK^SVHiG a A s^^xt!^f:^^i/^;l/figSL,Tfc 

[0 12 4] m5(D^m :^m^(om5<ommK 

[0 1 2 5] Sfi5 HC«, 1 /im©MW©GaNM5 

2*^^$nfc (GOOD B^-y-^r^rjsss 1^ 

[0 1 2 6] C(DWS.5 iSffiKS i O2 M^JgfiK 
U 7:J- b y Vi^^7'C-ffi t 'J'X'y hX-y^>'i'*T?m 
1 ©-7;^^ 5 3 i:^ 1 ©«g<i«5 4 K^>«Ufc m 1 

©Bgfi^«5 4 , 1 ©-7x^7 5 3 ^-n^n 

2;im, fcj;t?5Mm©Xh7'l'7^fcUfco Xb^'f' 
::03iRjtt, <i i-2 0>i:t/-c (05 (a) ) « 

20 [0 1 2 7] ^l©figft«B)^5 4lcJ5!cST;5mi©Ga 

NM5 5a, ±ti(Dmmmimmizi i imesi^ic:^ 

U-^A (Ga) t^{bJ<^ (HC.I) ©S*S^%T'«. 
SiS^k^f'J'^A (GaC 1) fcV«li)^fi:7y^:-7 
(NH3 ) jffX^&fflVS/WK^l'KVPE&^fflV^ 
rc.WS.5l :S:/vr F^-f F©J«^B»!:-fe'y h U * 

mm^x^m^ i o o o x:»c^-r So e s o *c© 
ts**^e.»E5 i=&NH3 ■07.n@mcr^o 

i[*'«^bT)!)^6, H c 1 mA^ 1 0 c c 

U NH3 8ai4 000c c/««"e6 05^ia©fiRg 

30 T\ mi©*6SWlT-iKB^Lfc01© (a) (e) © 

^mjM^mx.. ^ 1 ©vxi' 5 3 %«ii)jiA,fcS 1 © 

GaNR5 5*f^«1-S (05 (b) ) . Sl©GaN 

[0 1 2 8] GaN^5 5±tCffrfS i 02 M 
m 2 ©fig«ll« 5 6 2 ©TXi' 5 7 «}g 

firrso ^•n€ti©xF7i'7'm^ 2/im, tej:t;5 

/tmT-fe»), Xh7-Y:;03loia<l l-20>tLrc 

(05 (c) ) . <:©SE5 i±K. nts. lli©S©fi 

40 0!|TSiWU/-c01© (a) *^e> (e) ©fiScftXS^M 
^2©VXi'5 7*S4{)ji*. i3j;^l 5 0/im© 
S2©GaN»58 *fie«$^¥a<kUfcgffi«#fc 
(05 (d) ) o 

[0 12 9] ^gLfc^2©G aNK5 8<0!m^Wm 

m.mc-D\,^xm<rci)\ iMLm^miymtctxt 
^iciKimm^mptE^zzitiitX'i^^o 

[0 13 0] msnmmX'lt. G aNK©Xtf^?+-> 

so -^yi/figgt/vf F^-r FV p Em^m^>^xm^Lrct)\ 
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(12) 



IfgPFl 0-3 1 297 1 
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^^Mlfk^Mffl^fiS (MOCVD) ^fflV^T^>|pi 

m^j:iS)mm^*i^o $/ca 1 2 03 sss 1 :£ffiv^ 

rci)\ S iSfi. ZnOSfi. S i CS«> LiGaO 

2 m MgAl2 04 SSH^fflV^TfePrti*^ 
^jb^^n^o ^e^t^lA I2 03S«51±tCGaN 

-f. S«±Ji:GaN!g5 2«^S-&"r> itg^lOVX 

CO 1 3 1] ^fcVX^SSfcUTS i O2 ^fflV^fc 

film. ismK. EMmx*i>^\^\ sfcoaNCDxif 

^^i/^fl^mt-Ol^^rT^^tctX InGaN)S^ Al 
GaNK. InNK> G a PUfe^VHiG a A sH^rX 

^ft-r^ 1 1 1 -vmt^\^^fWis(omnLxmm 
[0 13 2] i^^m<D^mm&m^G a mo 1 1 1 - 

[0 13 3] (^6CD^W *^fl(D^60j&lt?lJtC 

^^^^-^-V^l/^g^GaNHtDScfitclfflVX ^^tCCtDG 
a NS±tCG a NI^»l^1f%S!ii"r^Xe%Sffla 

[0 13 4] aetcs^-rsfie 1 tea. 1 fimommo 
Gamezm^^ntc (000 o mo'^y 7^7 

Sffie l^rfflV^fco CCDSfie iSffitCS i O2 K^Jg 

figu ^i*^e>^4co^eiSCTfcP«^c7:rbyy^^7 

>r-jSt'>X»y bx^y ^y^T'^ 1 CD^X^^ 6 3 1 

i;i|10VXi^6 3(i. ^n^nS/im. ioJ:tf2/iin 
(DXf^-f7^^t/co Xb-^^y%|p]ti. <1 1-2 
0>y5\^i)^^l OAm^^XB^Ltc (06 (a) ) o 

NK6 5 a. ±iBo»0ij 1 tmm\z 1 1 1 mmK:^ 

(Ga) ^aftzk^ (HCl) OSJS^WT*^ 
^ffiil::tfU»>A (G a CD ^ VRIi5Bli:7y^:-7 
(NHa) «rx«:ffll>S/vf F^-f FVPEj*«:fflV^ 

^H«T*fiesiga 1 0 0 0 t:tc^*r^o e 5 o to 

SSE*^e»S«5 l*NH3;»XgtH«lc-r§o ^SiSS 

fS^^^LXi)^^. HC 1 Si«*4 0 c c/S^T-«JS 

u NHs m^i 000 c c/m^. ^^zfi^^y 
(SiH4 )ifK»o. 01 cc/s»-ei 5 05>rao 
fiEgT\ mio^rnxmnLfcmio (a) 

( e ) O^gXe^STs ^ 1 OVXi^^ 6 3 ^mtbjhh. 



5 (b) ) o ^lC)GaN^6 5^}g^. NHs 
a NK6 5 it. nmz\ 1 x 1 O^Sc m-^JjOlO^^^ U 

[0 1 3 6] ^^c. G a mmwu-'mmcomK 

^Sl^fb^affl^SJ* (MOVPE) ^ffll/>Tf^ 
latfeo GaN^6 5^Jgfim. MOCVD^SlC-b^y 

hu *^aMT^sssi o5ox:tc^f So 6 

10 5 0t:OiSS*^?>NH3 ;9XIIH»C'rSo S i 
ftPL/cil fimC0P^C0nSGaNB6 6. S i ^®IDL 
/cO. 4 fimCDM^JOn^A I0.15G ao.ssN^'^^y b 
^67. Si^mnLtcO. 1 /xmOJPStDnSGaN 
)t:tf-rKP68. 2. 5 nm<DJ?^07>K-:^I n 
0.2G ao.8Na?^tpSi: 5 nmcO/P*cD7y F-y I 
naosG aassNlgSl*^^*^ 1 O^W(D^aft?# 
P«5i?Sttg6 9. vy^->^A (Mg) /Sr»L/'c2 
OnmCDjS^OpSA lo.2Gaa8NS7 0. Mg^jS 
tobfcO. 1 /imOWSOpSGaN)t:fif-Y F^7 K 

20 Mg>^®IPU/c0. 4 fim^D/S^tDpSA lo.isG a 
assNi^^^y FS7 2. Mg«:»UfcO. 
^cDp^GaNny^i^FP7 3«Jlg^dctP-1f- 
J^ii^f^^b/cio p^fOGaN3y^^h®7 3^^Jg^ 
Vrmt. HN3 :«rx#HMT*^«7??$fflU^ ^fi 
^H<J:t)B^?)ai-r (06 (c) ) o 2. 5nm(Dmf^<0 
7>F-yi no.2Gaa8Nfi?#P^h5 nmOjl^ 
<D7^/F-yi no.o5Gao.95N^SS:6^^^S^aa 

^ftp^itffittiie 9ti. 7 8 oxcoiaeT^jg^bfco 

CO 1 3 7] mc. u-'^-mmm^Lrc^yr^T 
30 s«6 1 ^mm^K"^-^ b t> ^yr^rm&e i . g 

aNS6 2. Si 02 VX^ 6 3. io<J:tf G a NK6 
505 0 |imW«tTG a NS6 S^SHiS'&So Sffl 
L/cGaNleSffitCti. (T i) -7;l/^ (A 

\) <DnmWm7 4^mj&U pS<OGaNH73±tC 
tt-^y^r;l/ (N i ) (Au) (0pm9&7 5^m& 
(06 (d) ) o 

[0 13 8] meK^tu-^mmxHt. m^\cn§m 

mfm&^tlXio^. tiefeO^fca^cF^^x^y^y^^^^ 

So 

[0 13 9] ^yr-^TtGan^^m^tam 

[0 14 0] cnicnU *^01JTniiea^RI*^>«: 
V^GaNM6 5*ii<B!tS■r«Ci:*<T♦t^fc^6, -y-^ 
^-f 7»E-^V7.^t*;K^^bT'E>G a N 6 5±K;g 

50 /cGaNS6 5±©b-1f^ji{±'\*P3K<t0^t^5 
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(13) 



?#B¥1 0-3 1 29 7 1 



±Ufc. 

[0 1 4 1 ] 2^^Wett> G a NB6 5±tCWif- 
«igJ^BgLT*^e> ■y-yr-f 7»|g5 K GaNiSe 

imrzm\c^7r47m&6i. camez. si 

CO 1 4 2] *fcv *^Mimi, ■9-7r-l'7»fg6 
K GaNl6 2. S i O2 t;^:? 6 30Sf^> fe* 
t;GaNll6 5«D-gP*P»LT. nmo^W&m^L 
tci>\ Wm^nt>-rKY'7^3:yi->^i:t)nm(0G 

[0 14 3] 

CD! 1 1 - vmt-^^mmm^ctii^x^ 
[01] 1 1 -vmt-Bmmwmtimm 

[02] A 1 G aNK*^fiK*tl/cMgA l2 O4 » 
fctlc-- W F V P EaSrfflV^T, G a NSi%«« 

[04] 03©^ttf^, Hftm mmm>^m 

{t;^%¥«i*li*}gB£1-5iS©«9S0T-fe5o 
[05] *^<0»j2g^a*2|5i«lt)MtTJgfi!ttfcG 
aNSI(D«DIS0-?&^. 



[06] :^mmmmm^^xmj^LtzG a 
tcG aiimm^u-^-mm^m^zj:m(Dm&m 

1 1 Sffi 

1 2 »stc}^j5g?nfc 1 1 1 -vmt^mm 

13 III -VSefk'&«WiaK**l«S*-li-SiaS®« 

1 4 TX^ 

1 5 xtf^:ir$/Y;vji!cSLfti I i-ymitamm 

10 (*IS 

16 III - VMt^¥^<*cD77-fe<y h#iiS 

2 1 (0 0 0 1) ffi(D-9-7r-l'7a« 
2 2 GaNIg 

2 3 VXi' 

2 5 xlf^:^$/i';l/^SLftG aNK 

3 1 (111) ffi<OM g A 1 z O4 WK 

3 2 1 /imOGaNH, SfttiA 1 GaNIi 

3 2 w&±.immtitcm&mm 

33 »K±K:jgiEtfeS i O2 Hovxi' 

20 3 4 XVf^f4^^/■fr;WSbfcGaN^^y7TS 

3 5 /vf F^l'FVPEJSTfigSUfeGaNIl 

4 3 VXi' 

4 4 

5 1 (0 0 0 1) Bi^DIJ-yr'TTllfi 
5 3 mi©VXi' 

5 4 mi<Ol£S^ 

55 SlOGaNS 

5 6 m2©jag®ii? 

5 7 m20-rX^' 

30 5 8 |g2(DGaNl 

6 5 nSGaN^ 
6 6 nMG a Nl 

6 7 n^A lo.isGao.ssN^'v^ybJi 

6 8 nSGaN)t;y-t'FM 

6 9 1 om(D$rsm'f»-pmmmB 

7 0 p^A lo.2Gao.8N€ 
7 1 pSGaNJt;y-i'F® 

7 2 pSA lo.isGaassNi'^-y M 

7 3 pSGaNnV^'^'hM 

40 7 4 Ti-Al©nSa@ 

7 5 Ni-Au©pS«ffi 
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